Introduction
Why this book? Two main types of orogenic belt have been identified on the Earth: orogens of the Wilson-type (e.g., Wilson 1966; , involving collision between continents, and orogens of the accretionary, Cordilleran type (e.g., Sengör & Natalin 1996; Tagami & Hasebe 1999; Scarrow et al. 2002) , where a more steady state addition of smaller crustal fragments occurs. In simplest terms, collisional orogens are assumed to be the end-point of cycles of ocean formation and destruction during continental break-up and re-amalgamation (the so-called "Wilson Cycle"); accretionary orogens are the product of more continuous processes of addition of oceanic, island arc, and ocean-captured continental material to oceanic margins during long-term subduction, often without oceanic closure. Accretionary orogens are often characterized by being much wider across-strike than collisional orogens (Sengör & Okurogullari 1991) . Overall, it would seem that collisional and accretionary orogens form end members of a spectrum . The Wilson-type end member is the "aulacogen" (e.g., Zolnai 1986; Pedrosa-Soares et al. 2001) , where there is little or no displacement of continental margins and the ocean basin, which is often narrow, often closes up with jig-saw precision. The simplest accretionary end-member consists of a complex or prism (e.g., Leggett 1987; Doubleday et al. 1994; Kamp 2000) , created through scraping-off of the upper parts of oceanic lithosphere as it is subducted. This may form at a continental margin or adjacent to an intra-oceanic arc, and ultimately may be displaced large distances, either across ocean basins or along continental margins, during, or subsequent to, formation. Real situations are a complex mix of Wilson- and accretionary types (e.g., Betts et al. 2002) , where full-scale oceans that form with or without subsequent closure may have accretionary complexes on their margins, and experience subsidiary terrane and arc-collisional orogens that themselves incorporate accretionary complexes. Even "pure" accretionary orogens, such as the UralideAltaid orogen that forms much of Asia (Sengör & Natalin 1996) , where there is no evidence of continent-continent collision, consist of many minor terrane and arc collisional orogens that occurred on the margins of a long-lived ocean. The understanding of the relative significance of Wilson-type and accretionary orogens has changed with time. Historically, much early work focussed on Wilson-type orogenesis, particularly in the context of the circum-Atlantic orogens affecting northwest Europe and eastern North America from Proterozoic through to Late Palaeozoic times (e.g., Phillips et al. 1976; Williams & Hatcher 1982; Keppie 1985a; Ryan & Dewey 1997; Matte 2001; Young et al. 2001; Bandres et al. 2002; Gower & Krogh 2002) , which may have inflated its significance in global terms. Williams & Hatcher (1982) were the first to show that a Wilson-type model may not be appropriate for the case examples associated with the evolution of the Iapetus Ocean and this is supported by more recent lithostratigraphic, faunal and palaeomagnetic data (O'Brien et al. 1983; Cocks & Torsvik 2002; Hartz & Torsvik 2002) . Doubts about its applicability to the Pacific Cordillera of western North America came even earlier (Danner 1970) . Although major, Wilson-type continental collision can form long lived continents such as Gondwana (e.g., Unrug 1992; Boger et al. 2001) , global syntheses (e.g., Sengör & Natalin 1996) have emphasized the importance of accretionary orogens, arguing that these were responsible for growth and stabilization of millions of km 2 of the continental lithosphere from Archaean times onwards (Sengör et al. 1993; Foster & Gray 2000; Polat & Kerrich 2001; Xiao et al. 2004) .
Accretionary orogens are directly and indirectly host to globally important mineral deposits (e.g., Richards & Kerrich 1993; Sherlock et al. 1999; Kerrich et al. 2000; Goldfarb et al. 2001) . For example, volcanic arc and back-arc terranes form an important part of accretionary orogens and it is increasingly recognized that active, submerged arcs and back-arcs are sites of significant metallogenesis (e.g., Fouquet et al. 1991; Ishibashi & Urabe 1995; Iizasa et al. 1999; Fiske et al. 2001 The better-understood western North American orogenic belt or "Cordillera" (Fig. 1) was the first to be interpreted as a collage of 'suspect' terranes (as summarized by Coney et al. 1980 ) -terranes being fault-bounded blocks of the Earth's crust characterized by a geological history distinct from that of adjacent terranes. This model has been widely and successfully applied to many ancient orogenic belts. One important aspect of the model is that some of the terranes in a collage may have travelled great distances from their places of origin to their final location adjacent to other terranes or the continental margin. This may have occurred either across oceans or along a continental margin by transcurrent faulting (e.g., Keppie & Dallmeyer 1987; Mankinen et al. 1996; Cowan et al. 1997; Takemura et al. 2002) . The terrane model was applied early in its inception to parts of the Pacific margin of Gondwana (Coombs et al. 1976; Bradshaw et al. 1981; Weaver et al. 1984; Murray et al. 1987) .
It is now almost universally accepted that terrane-style tectonics are of major importance in the development of orogenic belts.
Understanding of the "Australide" orogen ( Fig. 1 ) and the role of terrane processes in its development has progressed rapidly during the last decade. There are several reasons for this:
1. There has been increasing realization that problems of tectonic correlation within the orogen are best solved by comparisons between the now-dispersed parts of the belt. Increasing knowledge of formerly less-well known parts of the orogen and greater international co-operation in sharing such knowledge (notably through UNESCO-funded International Geological Correlation Programmes, such as IGCP 436 "Pacific Gondwana Margin") have been important. The formerly adjacent parts of the orogen may have been either sediment sources or terrane sources (e.g., Adams et al. 1998; Cawood et al. 2002) .
2. The advent of routine, accurate and precise U/Pb dating of zircons has led to more refined correlation of events and provided information on the provenance of the huge piles of quartz-bearing sediments that characterize much of the orogen (e.g., Ireland et al. 1998; Fergusson & Fanning 2002; Schwartz & Gromet 2004; Wandres et al. 2004 Vaughan et al. 2002) .
3. Improved geochemical analytical methods for analysing trace and rare earth elements in volcanic rocks (especially ICP-MS), and greater understanding of their compositional variations has lead to growing confidence in assigning tectonic settings to the volcanic arcs that are key elements in the orogenic belt for palaeotectonic reconstructions (e.g., Glen et al. 1998; Spandler et al. 2004; Wang et al. 2004 (Benedetto 1998; Fang et al. 1998; Kelly et al. 2001; Cawood et al. 2002) .
This book is the first to provide an overview of understanding of the terrane model as it applies to the Australide accretionary orogeny on the Pacific margin of Gondwana.
It reviews the work of research groups from North and South America, Europe and
Oceania who are engaged in active research on the nature of the Gondwana margin and the accretionary orogeny (Regions covered by chapters of this book are indicated on Figure 2. ). This volume offers a snapshot of current thinking and current research directions, and a guide for any researcher currently active or about to embark on studies in this dynamic area of investigation. We judge that now is the correct time to summarize recent progress, and highlight the scientific questions that are currently engaging those active in the field and that will drive future research.
Nomenclature
According to Coney et al. (1980) , terranes 'are characterized by internal homogeneity and continuity of stratigraphy, tectonic style and history'. They stated that 'boundaries between terranes are fundamental discontinuities in stratigraphy that cannot be explained easily by conventional facies changes or unconformity'. The fundamental features of terranes are therefore that (a) their boundaries are major faults, and (b) they have different geological histories to adjacent terranes. These features are summarized in our preferred definition of terranes as 'a fault-bounded package of rocks of regional extent characterized by a geologic history that differs from that of neighbouring terranes' (Howell et al. 1985; Friend et al. 1988) .
Recognition of terranes is not based on any inferences about distance travelled or relative movement between adjacent terranes (Parfenov et al. 2000) . Terranes are 'suspect' if there is doubt about their palaeographical setting with respect to adjacent terranes or continental margins (Coney et al. 1980; Coombs 1997 ). Terranes may be described as 'exotic', 'far-travelled' or allochthonous' (all meaning about the same thing) if there is sufficient evidence that they originated far from their present locations, often assumed to be hundreds or thousands of kilometres away; however, these distances need not be particularly large in areas of complex geology (Coombs 1997 ). Problems of definition have been discussed in the literature (e.g., Sengör & Dewey 1991) , mainly from perspectives of recursion, i.e., is a seamount in an accretionary complex a separate terrane or just part of the complex, and problems of lateral and/or vertical extent, i.e., how small, or large, can a terrane be (Sengör 1990 ).
Development of the terrane concept
Recognition that fragments of continental margins had moved long distances came, in the late 1940's and early 1950's, from the discovery that transcurrent faults had hundreds of kilometres of offset (Kennedy 1946; Hill & Dibblee 1953; Wellman 1955 ). Coombs (1997) , in a brief review of the terrane concept, pointed out that the term "terrane" was in use as early as the 1920's and 1930's, but that modern usage stemmed from the work of Irwin (1964; 1972) in the western Cordillera of the United
States. Following further conceptual development in the 1970's in western North America and New Zealand (Berg et al. 1972; Monger et al. 1972; Blake et al. 1974; Coney 1978; Howell 1980) , the concept of terranes, or terrane collages, as possibly far-travelled, fault-bounded blocks with geological histories different from that of adjacent blocks, was crystallized by Coney et al. (1980) . The model was quickly tested in other orogens (e.g., Bradshaw et al. 1981; Williams & Hatcher 1982; Ziegler 1982; Pigram & Davies 1987) , and large numbers of 'suspect' terranes were identified in most. In the case of the lower Palaeozoic Caledonian-Appalachian orogen in Scandinavia, the British Isles and eastern USA and Canada, terranes were sandwiched between continents on opposing sides of the closing Iapetus Ocean (Williams & Hatcher 1982; Hutton 1987; Pickering et al. 1988; Rankin et al. 1988; Hibbard 2000; Roberts 2003 ). This orogen, therefore, had a phase of accretionary tectonics prior to continent-continent collision. As outlined above, studies of the margin of the Pacific basin were instrumental in the creation of the terrane concept and have provided the impetus for its continued development. In the past ten years, the fundamental importance of terrane processes in generating and stabilizing continental lithosphere has become apparent from studies of the Altaid belts of Asia (Sengör et al. 1993; Sengör & Natalin 1996) and the orogens that comprise eastern Australia (Foster & Gray 2000) -a system comprehensively reviewed by Glen (2005) in this volume.
Application of these ideas to older rocks indicates that terrane amalgamation and accretionary orogenesis may be the most important processes in formation of the continental lithosphere through time (Polat & Kerrich 2001) .
Terrane processes
The key processes of terrane formation are accretion and dispersal. Accretion (or "docking" (Twiss & Moores 1992) ) is the process by which material incorporated in, or transported by, oceanic plates is added to subducting margins, usually separated from the adjacent, over-riding oceanic or continental plate by a narrow zone called a suture (Howell 1989) . Sutures may be marked by belts of ophiolitic (e.g., Johnson et al. 2003) or high pressure rocks, such as blueschists (e.g., Kapp et al. 2003) , but survival of these rocks is not essential to the definition and sutures may also be represented by strike-slip faults, thrusts or zones of mélange (e.g., Abdelsalam et al. 2003; Pavlis et al. 2004) . Suture zones are not exclusive to accretionary orogens (e.g., Vaughan & Johnston 1992) . Dispersal is the process by which fragments are detached or redistributed from the overriding plate at active margins during subduction or ridge crest-trench collision (e.g., Nelson et al. 1994; Keppie et al. 2003) by rifting (e.g., Umhoefer & Dorsey 1997), strike-slip faulting (e.g., Cawood et al. 2002) or thrusting (e.g., Fritz 1996) . Both accretion and dispersal result in new terranes, either by adding previously separate geological entities such as oceanic plateaus or sea-mounts to oceanic margins, or by removing pieces of existing margins and transporting them elsewhere. The third main process is amalgamation (e.g., Bluck 1990), by which existing terranes are combined into larger, composite terrane collages or superterranes, ultimately forming stable parts of the continental lithosphere. Examination of Cenozoic to Recent active accretionary orogens in southeast Asia suggests that the interaction between accretion, dispersal and amalgamation can be extremely complex with geologically very rapid changes that may not be recognized in older orogens without high resolution dating (Hall 2002) .
Other important terrane processes happen after accretion, dispersal or amalgamation.
These are the formation of sedimentary or volcanic overlap sequences and emplacement of igneous complexes that "stitch" terrane sutures and place time limits on terrane motion (e.g., Gardner et al. 1988; Raeside & Barr 1990; Herzig & Sharp 1992 ).
Types of terrane
The common terrane rock types tend to be similar from orogen to orogen and we have grouped these into several main associations. The most common types in (Coney et al. 1980; Williams & Hatcher 1982; Hutton 1987; Parfenov et al. 2000; Badarch et al. 2002; Xiao et al. 2004) 2. Tectonic and sedimentary mélange terranes. These are commonly associated with turbidite terranes, particularly those generated in a subduction environment (e.g., Ernst 1993; Kusky & Bradley 1999) , and often occur along terrane sutures (e.g., Aitchison et al. 2002) or at major boundaries within accretionary complex terranes (e.g., Silberling et al. 1988) . They commonly consist of altered basalt and serpentinite, chert, limestone, greywacke, shale, and metamorphic rock fragments (including blueschist) in a fine-grained sheared and cleaved mudstone matrix (e.g., Aalto 1981; Cloos 1983; Carayon et al. 1984; Maekawa et al. 2004 ).
3. Magmatic terranes. These can be predominantly mafic or predominantly felsic, reflecting the geological environment in which they formed. Mafic magmatic terranes are dominated by volcanic and plutonic rocks, usually pillow basalts associated with volcanogenic and pelagic sediments (e.g., Takemura et al. 2002) , subaerial flood basalts (e.g., Richards et al. 1991) , sheeted dyke complexes (e.g., Lapierre et al. 2003) , and mid-lower crustal lithologies dominated by mafic and ultramafic plutonic complexes (e.g.,
DeBari & Sleep 1991; Shervais et al. 2004) . In some cases, related ultramafic rocks in mafic magmatic terranes may be of mantle origin (Fitzherbert et al. 2004 ). Most mafic magmatic terranes are interpreted to have been generated by either sea-floor spreading, oceanic intraplate magmatism, or in volcanic arc environments, although terranes derived from dispersal of continental flood basalt magmatic rocks are also known (e.g., Song et al. 2004) . The products of sea-floor spreading include ophiolites and other fragments of oceanic basement that were commonly produced in back-arc settings (e.g., Bluck et al. 1980; Cawood & Suhr 1992; Bédard 1999; Yumul 2003; Piercey et al. 2004 ).
Terranes derived from sea-floor volcanic eruptions include oceanic plateaus formed by oceanic flood eruptions (e.g., Wrangellia terrane, Richards et al. 1991; Hikurangi Plateau, Mortimer & Parkinson 1996) , as well as seamounts and ocean islands (e.g., Jacobi & Wasowski 1985; Barker et al. 1988; Doubleday et al. 1994) . Mafic magmatic terranes are commonly intra-oceanic and formed on oceanic rather than continental crust (e.g., Weaver et al. 1984; DeBari & Sleep 1991; Rubin & Saleeby 1991; Miller & Christensen 1994) .
Dominantly felsic magmatic terranes mostly consist of broadly calc-alkaline, plutonic rocks that represent the interiors of volcanic arcs, although some may represent dispersed fragments of older felsic continental crust, possibly cratonderived, reincorporated in later orogens (e.g., Boger et al. 2001) . In addition to rocks of the calc-alkaline suite, a common association in felsic magmatic terranes is the tonalite-trondhjemite-granodiorite suite (e.g., Smithies 2000) .
The Phanerozoic equivalents of these rocks are called adakites and their origin is controversial (e.g., Defant et al. 2002; Kay & Kay 2002) . They are thought to be generated by high heat flow in several subduction-related settings where partial melting took place in the garnet stability zone, > ~40 km depth, with end member models implicating either young subducting slab or partial melting of mafic lower arc crust (e.g., Defant et al. 2002; Kay & Kay 2002) .
Terranes with rocks of this suite are typified by the 'Median batholith' and central magmatic arcs of South Island, New Zealand (Muir et al. 1998; Mortimer et al. 1999) . Similar plutonic rocks are interpreted, from seismic evidence, to characterize some modern oceanic arcs (e.g., Suyehiro et al. 1996) . Some felsic magmatic terranes, or at least some sequences within them, are dominated by felsic volcanic rocks at exposure level (e.g., Clift & Ryan 1994; MacDonald et al. 1996; Bryan et al. 2001) , which are interpreted to be the erupted equivalents of arc and back-arc pluton, although dispersed terranes derived from continental rhyolite large igneous province magmatism are known (e.g., Heatherington & Mueller 2003 Kimura et al. 1994; Stevens et al. 1997; Cawood et al. 2002) .
5. Terrane collages. These consist of composite terranes formed by amalgamation of some or all of the above terrane types (e.g., the Argentine Precordillera (Thomas et al. 2002) and Avalonia (Nance et al. 2004) ), with the added complication of internal sutures as well as internal overlap and stitch assemblages.
Size of terranes
This is a difficult subject. As with many natural objects, it is easier to know what something is than it is to define it. Parfenov et al. (2000) placed a lower size limit on terranes by defining them as units that can be mapped at the 1:5,000,000 scale, although they admitted that size limits are largely arbitrary. Sengör (1990) argued that nappes and blocks in mélange units should not be considered terranes, but more recent work would suggest that there is no effective lower size limit (mélange zones, for example, can be argued to consist of an arbitrarily large number of faults (e.g., Chang et al. 2001 ) -any exotic block in a mélange zone is, therefore, fault bounded and could be considered a terrane, although this is an extreme case). Composite terranes can be very large (e.g., modern New Zealand could be considered a composite terrane), and although composite terranes should be smaller than continents, there is no arbitrary upper limit to terrane size.
Current research themes
The study of tectonic plates in terms of terranes is called "terrane analysis" (e.g., Howell & Howell 1995) . Once a terrane has been recognized, by identification of its bounding faults, the next component of terrane analysis is characterization (e.g., Samson et al. 1990; Lapierre et al. 1992) , which uses standard geological techniques such as mapping, geophysics (e.g., Brown 1991; Ferraccioli et al. 2002; Armadillo et al. 2004) , sample collection and follow-up laboratory work etc. It is then necessary to determine the relationship between the terrane and the adjacent continental margin and other neighbouring terranes (e.g., Samson et al. 1991) ; this is often in combination with efforts to characterize a terrane. In most cases, especially in Palaeozoic orogens, it is easy to designate a terrane as 'suspect', but difficult to prove that it is exotic to the continental margin and its immediately adjacent marginal seas.
Several techniques exist for testing the origin of a terrane (Howell & Howell 1995) .
Where a terrane is suspect, techniques to determine qualitative or semi-quantitative estimates of absolute movement include palaeontology (e.g., Smith et al. 2001; Belasky et al. 2002; Cawood et al. 2002; Kottachchi et al. 2002) 
Terrane studies on the margin of Gondwana

New Zealand
New Zealand was one of the places where the terrane concept was developed (Blake et al. 1974; Coombs et al. 1976; Howell 1980; Coombs 1997 ) and one of the first parts of the Gondwana margin where the terrane concept of Coney et al. (1980) America is distinct from that of New Zealand.
Australia
The Tasman orogenic system 'Tasmanides' of Australia occupies the eastern third of the Australian continent. It consists of several orogenic belts whose age of deformation and accretion decreases from west to east (Murray et al. 1987; Coney et al. 1990; Flöttmann et al. 1993; Glen et al. 1998; Ireland et al. 1998; Fergusson 2003; McElhinny et al. 2003) . The Early Palaeozoic Delamerian orogeny formed as Neoproterozoic and Cambrian sedimentary and volcanic arc terranes were accreted along the formerly passive margin of the western Australian Precambrian continental core. This orogen an along-strike correlative of the Ross orogeny in Antarctica (Stump et al. 1986; Flöttmann et al. 1993) . 
Reading (2005, this volume) presents a new technique for imaging the deep roots of
southwestern and southeastern Australian terranes and terranes boundaries using earthquake seismic data.
South America
The first ideas that the South American margin might consist of accreted terranes was presented in relation to a Permian carbonate fragment in southern Chile known as the Madre de Dios terrane (Mpodozis & Forsythe 1983) . Subsequent work on most of the meta-sedimentary rocks of the southernmost Pacific Andean margin has shown that they do not represent Palaeozoic Gondwana basement as once supposed, but are best interpreted as Mesozoic accreted material (Hervé 1988; Fang et al. 1998; . East of the Andes, the Argentine Precordillera is widely regarded as a large-scale exotic terrane derived from Laurentia and accreted during the Early Palaeozoic (e.g., Ramos et al. 1986; Moore 1994; Astini et al. 1995; Thomas & Astini 2003) . Much research has been focused on refining models for the history of this Precordillera or Cuyania terrane. Nevertheless, others have disputed its Laurentian derivation, preferring an autochthonous origin within Gondwana (Aceñolaza et al. 2002) . It is notable that geochronology and detrital zircon analysis have been central to the development of both sides of this controversy (Casquet et al. 2001; Thomas et al. 2004; Finney et al. in press) . In any event, it is becoming increasingly obvious were accreted to the margin in Cambrian times (Weaver et al. 1984; Stump 1995) .
The extent to which these terranes are exotic to the Gondwana margin is a matter of There is continuing uncertainty whether this is an isolated far-travelled terrane derived from a continental margin, a fragment of the Gondwana core or whether it represents more extensive Proterozoic basement to West Antarctica, as indicated by isotope studies of granites and xenoliths (Millar et al. 2001; Handler et al. 2003) .
Leat et al. (2005) shed some light on this by using lithosphere-derived mafic magmas to determine differences in lithospheric mantle composition beneath Antarctica.
Other parts of the Gondwana margin
Studies of the interaction between Gondwana and Laurentia have been an important driver of orogenic theory. When Wilson (1966) asked if the Atlantic had closed and then reopened, the closure he referred to was between Gondwana and Laurentia. Williams & Hatcher (1982; P a l a e o -T e t h y a n O c e a n P a n t h a l l a s i a n O c e a n P a n t h a l l a s i a n O c e a n 
